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I. INTRODUCTION

A multivehicle fleet test utilizing U.S. Air Force general-purpose vehicles
was organized and conducted from approximately March 1980 through June 1981
at the request of the Triservices through the Joint Deputies for Laboratory
Committee (JDLC).(1)* The project was conducted under the direction of the
Management and Equipment Evaluation Program (MEEP) Section, Materiel Analy-
sis Branch, Warner Robins Alr Logistics Center (AFLC), Warner Robins Air
Force Base, GA and was designated as MEEP Project H 79-1C, Synthetic 0Oils.
The Project Manager, WR-ALC, was directed to coordinate with the U.S. Army
to perform teatdown inspections of 29 of the test engines at the conclusion
of the test, This was done with the U.S. Army Belvoir Research and Devel-
opment Center, Ft., Belvoir, VA which provided the funding, and designated
the U.S. Army Fuels and Lubricants Research Laboratory (USAFLRL) located at
Southwest Research Institute (SwRI), San Antonio, TX as the agency responsi-
ble for the after-test inspections of the 29 engines.

The objective of the test was to determine through accumulation of field
data 1f use of synthetic engine oil would extend oil drain intervals, reduce
oil filter changes, eliminate sludge buildup, prolong engine 1life, give
advantages 1in fuel consumption, improve cold weather starting, and reduce
operational cost., The synthetic rils chosen were of different manufacture
and were assigned the color codes Yellow and Green. The baseline, or con-
trol oil was a mineral oil of normal procurement and stockage. This oil was

color coded Blug4(
IT. DETAILS OF TEST

Test Procedures

Reference 1 includes guidelines for the selection and preparation of vehi-
cles used in the test., Each designated U.S. Air Force Major Command
(MAJCOM) was directed to select a minimum of 60 general-purpose, gasoline

* Underscored numbers in parentheses indicate references at the end of
this report,

i
|
i
i
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engine-powered vehicles. The vehicles were selected in groups of three and
were matched as nearly as possible as to make, model, age, mileage, engines,
general condition, and use, Within each set, one vehicle was operated with
a mineral oil, and each of the other two vehicles was operated with a syn-
thetic oil of different manufacture. One set of three vehicles was selected
from each MAJCOM for after-test disassembly and inspection. Parameters for
taking oil samples and changing o1l and filters were established as well as

procedures for sample analysis.

L Vehicles designated to use synthetic lubricants had oil samples taken
and the crankcase oill and oil filter changed at the beginning of the
test,

® These vehicles were operated for 500 miles or 50 hours and again had
oll samples taken and the crankcase o0il and oil filter changed to en-

sure purging of any mineral oil that may have remained in the crank-

case,
L After this second oil and filter change, oil samples were taken from
all 1involved vehicles each 2000 miles or 600 hours of operation.
® 0il samples were forwarded to Air Force personnel at the Joint 0il
Analysis Program (JOAP) Laboratory in Pensacola, FL,
® Engine oil was changed as necessary by comparing laboratory findings
with parameters developed by the Air Force Systems Command (AFSC),
® 0il filters were changed each 6000 miles or when the oil was
changed, whichever occurred first.
® In case of engine failure, an additional oil sample was drawn and for-
warded to the USAFLRL,(2)

Some of the engines did fail, and an investigation into the cause of each

was done by AFLRL personnel. A final report, AFWAL-TR-81~4153 "Field Liai-
son in Support of Evaluation of Synthetic Lubricants in NonTactical Vehi-
cles", published in February 1982(2), gives the details of each failure
including the probable cause. According to the report, none of the engine

failures was due to oll-related causes.

On completion of test, a portion of the vehicles operating on each test

lubricant were designated for engine teardown inspections. Vehicle engines




were removed and forwarded to the AFLRL where they were disassembled and
evaluated for condition, wear and deposit formation. Table 1 identifies the

vehicles selected for inspection.

Test Lubricants, Synthetic and Control

Six engine lubricants were used in testing the twenty-nine engines chosen
for teardown inspections at USAFLRL. Four of the oils were MIL-L-456152
Qualified Products which met the requirements established in MIL-L-46152
"Military Specification, Lubricating 0il, Internal Combustion Engine, Admin-

istrative Service". The other two oils were certified to meet the MIL-L- ’
46152 standards. Of the six lubricants, two were multiviscosity synthetic
lubricants each manufactured by a different company. One of the lubricants
was color coded Yellow, while the second synthetic lubricant was color coded
Green, The other four oils were standard issue mineral oils and were color !
coded Blue., To differentiate one Blue oil from another of different manu-
facture, they were further designated as Blue(A), Blue(B), Blue(C), and
Blue(D). Thus, comparisons are possible between mineral oils as well as a

collective comparison against the synthetic lubricants used in the test.

As stated in Reference 1, sampling of new synthetic lubricants was not re-
quired to establish a baseline because this had already been done by the
JOAP laboratory and the organization procuring the oil. Therefore, baseline i

data on the lubricants used in the synlube test were requested from the JOAP

Laboratory in Pensacola, FL. These data were provided and form the basis
for the values shown for the synthetic lubricants in Table 2, "Physical
Properties of Test Lubricants'". The values in the table pertaining to the
Blue oils were determined by USAFLRL using approved ASTM methods.
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III. RESULTS OF TEST

Lubricant performance was evaluated by two methods:
(1) analysis of the data provided by the JOAP laboratory, and
(2) after-test inspections of engines selected by each designated
MAJCOM and the USAF Academy.

Used 0il Analyses

All the lubricants used in the 26 engines inspected at AFLRL appeared to
have performed satisfactorily, Some oil distress occurred as shown by high
viscosity values for some engines, Table 3 shows the average viscosity
density product (VDP) for test oils used at each Air Force installation and
identifies those oils that were outside the parameters establishing the
acceptable range for each oil at a given temperature.(3) The TSC, JOAP
determined the VDP for new test lubricants for each deg F for a range of am-
bient temperatures. These VDPs were labeled "True Values” which is the
basls for the term's use in this report. Each True Value VDP was then
multiplied by 0.25, and the result was added to and substracted from its
respective True Value VDP to establish parameters for VDP acceptability.
Appendix D, Volume 1II, shows the average for each wear metal, additive
element, particulate content, and VDP of each test o0il for each test engine.
These averages were used to establish a mean and standard deviation for each
of the data categories for each group of test oil, (i.e., Yellow, Green and
Blue). A statistical analysis then established the range of predicted dif-

ference between the means for the test oils.

By romparing the means for each variable of one 0il with the means for each
respective variable of a second oil, it was determined that there were no
statistical differences between the means for any variable listed except
one, There was a statistical difference between the means for the variable,
VDP, for the Blue and the Green lubricants. This does not mean that one oil
is better than the other, only that the difference between VDPs for each oil
at the beginning of the test was still present at the end of the test,
Appendix E, Volume II, contains an explanation of the statistical tests
used. Table 4 1llustrates the True Value VDPs for each test oil at 74°F at

10

o




]

*1¥0 onyg B pasn pey eyl saurBua 3s33 Aue dyys jou pIp g4V YOOdurRH =
*juadxad gz ¥ @nyTep anal Aq paysyTqeise a8uea Jo IPIsIno anIeA JdA =

et ——

/3
/e

Amso\w x 9syodjjua)) 3onpoig £3Iysuaq LIFSOISTA = JdAx

£€8°121 S*vL 9z1 101 9L St v g4y ydiopuey
L9°711 8°€L Syl 911 L8 17 ) g4V uosisiad
26° %21 174 Sl 911 L8 17 o} g4v 3In33J0
G8°86 %L 9Z1 101 9L 174 a g4V yoeag a1314W
8Z°0€1 el €T 611 68 €L 0 g4V 10UTW
LS°111 6°€L 0zt 9% A 74 v g4dv puepyoel
\m.mm< j}o0duey
\m.qﬁ.Hoﬁ L€l 8S1T 921 56 174 g gdv sjyio4 pueay
\m.qo.qma geL YT 911 L8 L o g4v 231099
£6°56 (94 74 ovl z11l 78 194 o] Awapedy gvsn
daa i, ‘dusj ITUTT AL 3TOPT 4, ‘dmag apo) uoyleTIRISU]
dqA 33eiaAy TT0 pesn Y3 TH ! 110
ddA TTO maN antg

ddA TIO 1S3IL dd3SN HIIM (PUTTased) xdQA (°A°1l) INTVA d0d1 40 NOSIYVAWOD ¢ F14VL

11




[

*gdvV sjilog puein woij paddyys sea [yo ulaiyg Fuyzyyrin aujSua o+

*3833 3yl Supinp [TO0 MOT[3X PIsn peBY 1843 PaA}adal 21am 8aujBua 1831 oN = /q
*3uad13d ¢z § anfep anil 8yl Aq pays}Tqeisd aBuel JO IPIBINO SAINTEBA QA = /¥
Anso\w X 28f7odyiua)) 3onpoag Liysuaq K3I802871p =ddAy

80°S8 9°€L 43 68 {9 €L 00°%€T s°el 8€1 011 €8 €L g4v ydiopuey
08°L8 B €L 601 8 S9 172 91611 9°€L LIN 801 18 174 g4V uosiaiag
o~
—t
/v 80711 8°¢L 601 18 s9 91 - - - - - a- 94V 3In330
89° 9% S°EL 601 8 s9 172 zz 801 172 7€l 801 18 174 44V yoeag 314N
/v $0°611 'eL 4 S 1 L9 €L - - - - - i 94V I0UTK
00°€6 8°¢L 601 18 S9 114 09°101 S €L 8€1 011 €8 €L 44V pueyyde]
L1°26 (3 ¥ 601 18 S9 171 007201 8°vL 1€1 S0t 6L SL /3 24V }20duey
- - - - - - /e 09°6.1 S°€L 8€1 ot €8 €L g4V 81103 puely
] 0y°911 tAd ¥4 143 68 29 €L /v 91°9S1 €L 8€T 011 €8 €L g3v 281039
0L°68 1A 73 601 L8 S9 174 08°E11 174 Y€1 801 18 174 Awmapedy jvsn
daa d, ‘dwal Jjwy] AL 31wy1 4, "dwag daa 4, ‘duay IJ8FT Al 31871 4, ‘dual uorIeYRISUY
d0A 9861aAY ystH a0 daA 98eaaAy uBTH a0l
110 _Pasn daA 110 maN 110 Pasp daA 110 AaN
8110 U321 STI0 AOTI3%

(Q,INOD) daA 110 ISAL qdsn HLIM (SuFTased) »ddA (Al) 3NTVA ANYL 4O NOSIYVAWOD °¢ ITEVI




¥ the beginning of the test and the average VDPs for each test oil at the end
| of the test at an average 74°F, Also shown is the average percent increase |
' in VDP for each test oil,.
:
H
|
DN TABLE 4, PERCENT INCREASE IN VDPs*
} Average Average ‘
: True Value VDP Average VDP Percent ‘
N Color Code Beginning of Test At End of Test Increase
Green 88 100 13.64
Blue(Avg.) 111 123 10,81
Yellow 109 126 15.60

*Average temperature for determining VDP
before and after the field test was 74°F,

PR

b

Unfortunately, total acid numbers (TANs) and total base numbers (TBNs) were
not determined at JOAP laboratories. Oifl alkalinity reserve capacity and
other oil properties and conditions were shown 1n subjective terms as fol-

lows:

[ R S rpere

011 alkalinity reserve capacity.......Good or bad

011 dispersive propertieS.ceecsessessssGood, fair or poor

D MR T

Particulate contaminantSe..eeceecsses..Light, medium or heavy

Coolant contaminationsssessseeessssessNOt present or present

A oy Ao

These properties and conditions were determined by blotter tests and in-

ey

cluded in the o1l analyses computer printouts from the JOAP laboratories. A

summary of these oil properties and conditions is given in Table 5.

Reference 3 also gave the baseline data for additives for each of the test
lubricants, The quantities given in the oil analysis computer printouts for
used oll samples were averaged for each test lubricant., Table 6 compares
the used »nil sample additive quantity averages with the values shown in
Reference 3. Calcium was not included in the computer printouts; therefore,
no comparisons for that element could be made. It should also be noted that

the value of 998 is the highest value in parts per million (ppm) that is

13
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TABLE 6., AVERAGE ADDITIVE QUANTITIES FROM USED OIL SAMPLES
COMPARED TO NEW OIL ADDITIVE QUANTITIES*

Additives Blue A Blue B Blue C Blue D Yellow Green
(PPM) New Used New Used New Used New Used New Used New Used
B 1 5 0 61 184 86 0 2 11 33 3 20
Ba 0 8 0 7 3 81 80 65 118 123 998 985
Mg 8 69 538 350 532 685 450 433 15 124 538 694
Zn 469 770 740 956 941 985 844 958 998 991 663 903

* Information provided by the JOAP Laboratory, Pensacola, FL.

determined in oil analyses by the TSC, JOAP laboratories. The actual ppm
for any given element may be much higher than the value 998 but measurement
limitations prohibit the determination of the exact values. Overall this
means that a significant part of oil analyses data essential to decision-

making as to whether or not an engine is jeopardized may not be available.

After-Test Engine Inspections

Ratings for the 26 engines inspected by USAFLRL are contained in Appendix A,
Volume II, "Engine Inspection Data-Ratings”. Sludge ratings were not made
for the two engines shipped from Hancock Air Force Base, New York because
the parts normally rated for sludge deposits were not shipped with the

engines,

The inspection results showed that Chevrolet engines, both the V-8, 350 CID
and the six cylinder, 292 CID, appeared to have fared the worst according to
the ratings. They appeared to have been particularly susceptible to lifter
body wear and piston scuffing with all lubricants in the program. A com~
parison of these engines to the total test mileages driven shows that six of
them were among the highest mileage engines in the test. However, the three
292 CID engines from Peterson AFB which were among the lowest in total test
miles still showed abnormal wear to lifter bodies, Again, it should also be




noted that the lifter and piston wear occurred whether a green, yellow or
blue test lubricant was used., However, a study of the maintenance history
of each of these engines reveals that normal maintenance procedures were
followed for three of the four engines operated with Blue oils and one of
the three engines operated with a Green lubricant. Two of the engines oper-
ated with Yellow lubricants had extensive maintenance problems for the test
period. Tables 7 and 8 contain the Sludge and Varnish Ratings Summaries,
respectively. An examination of the data in Tables 7 and 8 reveals that all
the test lubricants performed satisfactorily, Those sludge and varnish 4
ratings that averaged below a rating of 8 were still average or above as | 1
compared to ratings normally achieved by other oils in fleet tests. The
results averaging 8 or higher are considered to be indicative of very good -
performances by the test oils. Table 9 gives a brief summary of the main-

tenance histories for each test engine., Normal maintenance consisted of

routine scheduled maintenance and replacement or repairs due to normal wear i
and tear. Specific maintenance actions were noted where the problems could
possibly have been oil related. However, no positive conclusions can be

made about the actual impact any given test oil had on any given engine.

TABLE 7. SLUDGE RATINGS SUMMARY FOR TEARDOWN ENGINES
(10 = Clean)

Type 01il

Ingtallations Green Yellow Blue
A B C D

AF Academy 9.6 9.7 9.6
George* 9.8 9.8 9.8
Grand Forks, ND 9.6 9.5
Hancock** No sludge ratings
Lackland 9.4 9.6 9,7
Minot 9.7 9.6
Myrtle Beach 9.3 9.2 9.5
Of futt 8.4 6.7
Paterson 9.7 8.6 9.6
Randolph 9.7 9.6 9.4
Average 9.5 9.4 9.6 8.1 9.7 9.5

* These ratings are for the left and right valve decks and pushrod chamber
only; the rocker arm covers, oil pan and intake manifolds were missing
from the engines when received at AFLRL,

**The parts that are rated for sludge deposits were missing from the engines
when received at AFLRL,
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TABLE 9. MAINTENANCE HISTORY FOR TEARDOWN ENGINES
Vehicle Color
MAJCOM Installation No. Code Maintenance Actions
USAFA, CO 79B5659 Green Normal maintenance
79B5660 Yellow Normal maintenance
79B5668 Green Normal maintenance
TAC GAFB, CA 79B2533 Green Normal maintenance
79B2534 Yellow Normal maintenance
7982539 Blue(C) Normal maintenance
SAC GFAFB, ND 79B1734 Yellow Right valve cover gasket leak-
ing. left valve cover leaking.
Constant system problems.
79B1735 Blue(B) 0il leaks top and bottom of en-
gine valve job rod bearings.
Replaced #8 piston.
HAFB, NY 7885038 Green Normal maintenance
78B5646 Yellow Replaced head and head gasket
(added 1 qt. Quaker State by
mistake @ 12,206 mi, Head
gasket blew @ 12,218 mi.)
ATC LAFB, TX 7982270 Yellow Normal maintenance
7982271 Green JOAP remarked that this engine
"was one of the worst vehicles
in the Synlube program with re-
spect to wear”
7982272 Blue(C) Normal maintenance
MAFB, ND 79B1736 Green Engine had quit at end of test
and had been partially dis-
mantled,
79B1759 Blue(C) Normal maintenance
MBAFB, SC 79B5212 Green Normal maintenance
79B9187 Yellow Valve cover leak @ about 49,000
mi,
79B9188 Blue(D) Normal maintenance
SAC OAFB, NE 78B4766 Green Valve noise @ 30,753 mi. Knock
in engine @ 44,168 mi. Engine
cuts out and stalls @ 49,194 mi.
0il leak at valve @ 51,042 mi,
7884768 Blue(C) Normal maintenance
ADCOM PAFB, CO 7884569 Green Normal maintenance
78B4571* Yellow Push rods, valves, lifters,
camshaft and eventually, the
entire engine was replaced(4).
78R8831 Blue(C) Normal maintenance

*A gtudy of this
sion was reached
induction system

engine was made by Air Force personnel and the conclu-
that the problems were attributable to a faulty air

(4)
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TABLE 9. MAINTENANCE HISTORY FOR TEARDOWN ENGINES

(Cont'd)
Vehicle Color
MAJCOM Installation No. Code Maintenance Actions _
RAFB, TX 7985719 Yellow Normal maintenance
79B5720 Blue(A) Normal maintenance
7985721 Green Normal maintenance

Examinations of the engines after being disassembled did not reveal any sig-
nificant differences between the problem engines and the others in the test. s
The difficulties could well have been attributed to maintenance practices
and procedures., Appendix B, Volume II, shows the wear measurements for each
of the test engines while Table 10 gives a summary of the wear measurements
data for each engine and indicates those components worn beyond the manufac-
turer's specifications. A tabulation of the results reveal that of 79 wear
measurements outside of manufacturer's specified wear limits, 27 percent of
them were from engines operated on a Blue oil, 35 percent of them were from
engines operated with the Green lubricant and 38 percent of them were from
engines operated with the Yellow lubricant, This indicates that the engines
operated with the synthetic oils experienced a higher wear rate than those
operated with the normal issue mineral oils, The largest single category of
wear measurements outside of specifications for all of the teardown engines
was compression ring gaps, top and bottom, Other wear measurements outside
of manufacturer's specifications appeared to be normal for the mileage and
usage of each engine. With the exception of Hancock AFB which showed a sig-
nificant difference in the average oi1l change mileage between its two en-
gines, the average oil change interval in miles for each set of engines
tended to group by installation. Assuming the information valid and the
maintenance data for each vehicle seems to confirm it solidly, this would
indicate a difference primarily in the basic maintenance procedures and
practices at each installation, 1t should be noted that there were no oil

changes at all for the three engines from Randolph AFB, nor the engine oper-

ated with Green oi1l at the USAF Academy which ended up with a total of
: 28,409 test miles, Table 11 shows the average oil change intervals for all

test engines at each 1installation, Nine of the ten installations shown
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TABLE 11, AVERAGE OIL CHANGE INTERVALS
AT EACH INSTALLATION

Average 011

Ingtallation Change Intervals, miles
USAD Academy 16,040.8
George AFB 4,161.9
Grand Forks AFB 4,212.9
Hancock AFB 5,773.2
Lackland AFB 2,923,1
Minot AFB 7,535.1
Myrtle Beach AFB 11,185.9
Of futt AFB 6,874,5
Peterson AFB 4,380,9
Randolph AFB 10,052.7

average over 4,000 miles between oil changes, and six of those nine average
above 5,000 miles between oil changes, while three of the nine average over
10,000 miles between oil changes. Photographs of selected engine components
are exhibited in Appendix C, Volume II, Although no conclusive inferences
may be made from the appearance of photographed components, the components
from engines operated with the Yellow lubricants appeared slightly cleaner,
overall, than the components from engines operated with the Blue and Green

lubricants,

Performance Summary

As stated earlier, all the test olls appeared to have performed satisfacto-
rily. Table 12 assigns a subjective performance rating in each of the cate-
gories listed for each oil with respect to used oil condition and the engine

inspection data.

Combining these ratings, the test oils are ranked in the following order of

overall performance:
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TABLE 12, OVERALL PERFORMANCE RATINGS*

Blue Green Yellow
Sludge Ratings Good Best Better
Varnish Ratings Better Good Best
Other Ratings Best Good Better
Wear Measurements Best Better Good
Total Particulate Contaminants Best Better Good
Average VDP vs.
True Value VDP Best Good Better
0il Dispersive Properties Best Better Good

1.  Blue - The normally issued mineral oils (collectively) performed
in a satisfactory manner and although between the Green and
Yellow oils in sludge, varnish and other ratings were judged to
be demonstrably better than the two multiviscosity synthetic
oils in wear wmeasurements, particulate contaminants, viscosity

increase, and dispersive properties,

2, Green and Yellow - Both multiviscosity synthetic oils performed

satisfactorily and equally well overall with respect to each
other, The Yellow oil performed better than the Green and Blue
oils in the ratings, but not as well as the other two with re-
spect to wear measurements, particulate contaminants, viscosity

increase, and dispersive properties,

IV. CONCLUSIONS

The Blue lubricants (collectively) demonstrated the best overall per-~
formance of the test oils used.

The Green and Yellow lubricants performed equally well overall and can
be satisfactorily used in spark ignition engines of the type tested,
Engine distress evidenced by 1light to severe piston scuffing and
cracked, chipped, scuffed, and worn lifter bodies for the Chevrolet
350 V8 engines and cracked, chipped, and worn 1lifter bodies for the

25




Chevrolet 6-cylinder 292 engines cannot be attributed exclusively to

the lubricants used since the distress occurred in the engines regard-
less of the type test oil used.

Components of the engines operated with the Green and Yellow lubricants
exceeded manufacturer's wear limit specifications more frequently than

those from engines operated with the Blue oils,

V. RECOMMENDATIONS

Based on the observations and conclusions drawn from the teardown inspec-

tions and analysis of information provided for the twenty-six engines only,

the following recommendations are made:

L.

Conduct a test at the following bases to determine the contribution
of climatic and environmental conditions to the engine distress exhib-

ited by the Chevrolet engines utilized:

Minot Air Force Base, ND

Grand Forks Alr Force Base, ND
Offutt Air Force Base, NE
Peterson Field, CO

Consideration be given to future cooperative tests of this type for

obtaining lubricant field data.
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LIST OF ACRONYMS

ADCOM - Aerospace Defense Command
AFLC - Warner Robins Air Logistic's Center
AFSC - Air Force Systems Command
ATC - Air Training Command
CID - Cubic Inch Displacement
CRC - Coordinating Research Council
“ DOD - Department of Defense ‘
GAFB - Georgia Air Force Base
GFAFB - Grand Forks Air Force Base
HAFB - Hancock Air Force Base
JDLC - Joint Deputies for Laboratory Committee
JOAP - Joint 0il Analysis Program
LAFB - Lackland Air Force Base
MAFB - Minot Air Force Base
MAJCOM - Major Command
MBAFB - Myrtle Beach Air Force Base
MEEP - Management Equipment Evaluation Program
OAFB - Of futt Air Force Base
PAFB - Peterson Air Force Base
RAFB - Randolph Air Force Base
SAC - Strategic Air Command
SwRI1 - Southwest Research Institute
Synlube - Synthetic Lubricant
TAC - Tactical Air Command
TAN - Total Acid Number
TBN - Total Base Number
TSC - Technical Support Center
USAFA - United States Air Force Academy
USAFLRL - United States Army Fuels & Lubricants Research
Laboratory
Belvoir R&D Center - U.S. Army Belvoir Research & Development Center
vDP - Viscosity Density Product
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